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Description 



[0001] This invention relates to a method of sequencing DNA, based on the detection of base incorporation bv the 
release of pyrophosphate (PPi). In particular, the invention relates to a •real-time" sequencing method 

s [0002] DNA sequencing is an essential tool in molecular genetic analysis. The ability to determine DNA nucleotide 
sequences has become increasingly important as efforts have commenced to determine the sequences of the larqe 
genomes of humans and other higher organisms. The two most commonly used methods for DNA sequencing are the 
enzymatic chain-termination method of Sanger and the chemical cleavage technique of Maxam and Gilbert Both 
methods rely on gel electrophoresis to resolve, according to their size, DNA fragments produced from a larger DNA 
segment. Since the electrophoresis step as well as the subsequent detection of the separated DNA-fragments are 
cumbersome procedures, a great effort has been made to automate these steps. However, despite the fact that auto- 
mated electrophoresis units are commercially available, electrophoresis is not well suited for large-scale genome 
projects or chn.cal sequencing where relatively cost-effective units with high throughput are needed Thus the need 
for non-electrophoretfc methods for sequencing is great and several alternative strategies have been described such 

is as scanning tunnel electron microscopy (Driscoll et_al., 1990. Nature, 346, 294-296), sequencing bv hybridization 
(Bams SUMMB. J. ™eo. Bio.. 135. 308-307) and single molecule detection (Jeff ialjSSt 

namics. 7, 301 -306), to overcome the disadvantages of electrophoresis ^ 

[0003] Techniques enabling me rapid detection of a single DNA base change are also important tools for genetic 
analyses. In many cases detection of a single base or a few bases would be a great help in genetic analysis since 

*> several genetic diseases and certain cancers are related to minor mutations. A mini-sequencing protocol based la 
solid phase pnnaple was described (Hultman. et_aL, 1988, Nucl. Acid. Res.. 17. 4937-4946- Swanen et al 1990 

fhre"^; 8 ' I 84 " 6 ? ^ : n h T° ra,i0n °' 3 radi ° labe,ed nUC,e ° ,ide W3S ™ aSUred ™> ^™ H of fhe 
three-allelic polymorphism of the human apolipoprotein E gene. However, radioactive methods are nof weH suited for 

routine chmcal applications and hence the development of a simple non-radioactive method for rapid DNA sequence 
2 « analysis has also been of interest. sequence 

[0004] Methods of sequencing based on the concept of detecting inorganic pyrophosphate (PPi) which is released 
dunng a polymerase reaction have been described (WO 93/23564 and WO 89/09283). As each nucleotide aoaed 
o a grow-ng nucte,c aod strand during a polymerase reaction, a pyrophosphate molecule is released h has been 
ound that pyrophosphate released under these conditions can be detected enzymically e g bv the ooneratfon ol linht 

- ,n ^e luciferase-h.citenn reaction. Such methods enable a base to be identified a torge.^ SSX£K 
sequenced s.mpfy and rapidly whiist avoiding the need for electrophoresis and the use of harn^u. ^WabeT 

Z eV t l™ T" baSed SeqUenCi " 9 m6th0ds mefl,ioned above are ™* without ^wtecte St i, has 
been ound that dATP used in the sequencing reaction (chain extension) interferes in the subsequenU^eSbased 

KratfonS^Si'" 6 d6SCribed ab ° Ve d ° represent « "Went « ease and speed 

o) operation there is still a need for improved methods of sequencing which allow rapid detection and provision of 

sequence .nformation. In particular there is a need for "real-time- methods of sequencing wh!dTenitefte 3f 

« roooTwe nS 6 " ^ *"» ^ «** £££ Reaction' 

[0007J We now propose a novel modified PPi-based sequencing method in which these problems are addressed 

S ?S T"* t S T enCi " 9 reaC,i0nS '° »" "^naored in real-time, with geneS 

and detected as each nucleotide is incorporated. This is achieved by using an dATP analogue h^taJJ5S?32h 
does no. interfere with the .uciferase reaction, and by performing the chain extension an^ SS?. 
ation. reactons substantialty simultaneously by including the "detection enzymes" in the chain exteS£Z32,X 

T: k T eSentS 3 dePanUre ,r ° m ^ a W ,f0ach in the PPi-based sequencing propo^Xveln vTteh 

the chain extension reactton is first performed separately as a first reaction step followed by awSJaKSSS 

^r^t^ 

- Sstr^ 

adjacent to me target position is provided and me sampte DNA and extension primer are Tto a 22 

1 h" PreSe " Ce °' ! deOXynUC,eolide or «Weoxynuc.eotJde whereby me deoxynucleotide^eoTnuIS^e 
wtil onfy become mcorporated and release pyrophosphate (PPi) if i, is complementary to the base in me3SS on 
any release of PP. being detected enzymically. different deoxynucfeotides or dideo^ude^es bWad^eTeS; 
« toseparate aliquots of sample^rimer mixture or successively to me same sample^r^rSfaSeSS TZ 
P^ymerase reaction to indicate which deoxynucteotide ordideoxynudeotideT^ J° 
PP«tetect»n enzyme^ are induded in me polymerase reaction step and in maHnpL* o^H^d^ ao^ 
™"e«npn°sphate(ATP)adA^^ 
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but incapable of acting as a substrate for a said PPkJetection enzyme. 

[0009) The term dideoxynucleotlde as used herein includes ail 2Vdeoxynucleotides in which the 3 , -bydroxy1 group 
is absent or modified and thus, while able to be added to the primer in the presence of the polymerase, is unable to 
enter into a subsequent polymerisation reaction. 

[0010] PPi can be determined by many different methods and a number of enzymatic methods have been described 
in the literature (Reeves etal., (1 969), Anal. Biochem., 28, 282-287; Guillory etal., (1 971 ), Anal. Biochem., 39, 170-1 80; 
Johnson et al., (1968), Anal. Biochem., 15, 273; Cook etal., (1978), Anal. Biochem. 91, 557-565; and Drake et al ' 

(1979), Anal. Biochem. 94, 117-120). * 

[001 1] It is preferred to use lucif erase and.lucif erin in combination to identify the release of pyrophosphate since the 
amount of light generated is substantially proportional to the amount of pyrophosphate released which, in turn, is directly 
proportional to the amount of base incorporated. The amount of light can readily be estimated by a suitable light sensitive 
device such as a luminometer. 

[0012] Lucif erin-luciferase reactions to detect the release of PPi are well known in the art. In particular, a method for 
continuous monitoring of PPi release based on the enzymes ATP sufphurylase and lucif erase has been developed by 
Nyren and Lundin (Anal. Biochem., 1 51 , 504-509, 1 985) and termed ELI DA (Enzymatic Luminometric Inorganic Pyro- 
phosphate Detection Assay). The use of the EUDA method to detect PPi is preferred according to the present invention. 
The method may however be modified, for example by the use of a more thermostable luciferase (Kaliyama et al., 
1994, Biosci. Biotech. Biochem., 58, 1170-1171). This method is based on the following reactions: ' 



ATP sulphurylase 
PPi + APS — ATP + So]' 

luciferase 

ATP + luciferin + 0 2 > AMP -»• PPi + 

oxyluciferin + C0 2 + hv 

* 

(APS = adenosine 5 ' -phosphosulphate) 



[001 3] The preferred detection enzymes involved in the PPi detection reaction are thus ATP sulphurylase and luci- 
ferase. 

[001 4] To carry out the method of the invention, the detection enzymes are included in the polymerase reaction step 
ie. in the chain extension reaction step. Thus the detection enzymes are added to the reaction mix for the polymerase 
step prior to, simultaneously with or during the polymerase reaction. In the case of an ELI DA detection reaction, the 
reaction mix for the polymerase reaction may thus include at least one nucleotide (deoxy- or dideoxy), polymerase, 
luciferin, APS, ATP suphurylase and luciferase. The polymerase reaction may be initiated by addition of the polymerase 
or, more preferably the nucleotide, and preferably the detection enzymes are already present at the time the reaction 
is initiated, or they may be added with the reagent that initiates the reaction. 

[001 5] The present invention thus permits PPi release to be detected during the polymerase reaction giving a real- 
time signal. The sequencing reactions may be continuously monitored in real-time. A procedure for rapid detection of 
PPi release is thus enabled by the present invention. The EUDA rections have been estimated to take place in less 
than 2 seconds (Nyren and Lundin, supra). The rate limiting step is the conversion of PPi to ATP by ATP sulphurylase, 
while the luciferase reaction is fast and has been estimated to take less than 0.2 seconds. Incorporation rates for 
polymerases have also been estimated by various methods and ft has been found, for example, that in the case of 
Klenow polymerase, complete incorporation of one base may take less than 0.5 seconds. Thus, the estimated total 
time for incorporation of one base and detection by ELI DA is approximately 3 seconds. It will be seen therefore that 
very fast reaction times are possible, enabling real-time detection. The reaction times could further be decreased by 
using a more thermostable luciferase. 

[0016] A further feature of the invention is the use of a dATP or ddATP analogue which does not interfere in the 
enzymatic PPi detection reaction but which nonetheless may be normally incorporated into a growing DNA chain by 
a polymerase. By "normally incorporated- is meant that the nucleotide is incorporated with normal, proper base pairing. 
In the preferred enbodirnent of the invention where luciferase is the PPi detection enzyme, the preferred analogues 
for use according to the invention are the ll-thiojtriphosphate (or a-thtotriphosphate) analogues of deoxy or dideoxy 
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ATP, preferably deoxyadenosine [1-thio)triphospate, or deoxyadenosine a-thiotriphosphate (dATPaS) as ft is also 
known. dATPaS. along with the a-thto analogues of dCTP, dGTP and dTTP. may be purchased from New England 
Nuclear Labs. As will be described in the Example below, experiments have shown that substituting dATP with dATPaS 
allows efficient incorporation by the polymerase with a low background signal due to the absence of an interaction 

s between dATPaS and luciferase. The signal to noise ratio is increased according to the present invention by usino a 
nucleotide analogue in place of dATP, which eliminates the background caused by the ability of dATP to function as a 
substrate for luciferase. In particular, we have found that an efficient incorporation with the polymerase is achieved 
while the background signal due to the generation of light by the luciferin-luciterase system resulting from dATP inter- 
ference is substantially decreased. 

10 [00171 VVhere ATP is present in the reaction mixture during or after chain extension, for example as an impurity or 
as a contaminant of dATP added as the source of the base to be incorporated, it will also interfere in the pyrophosphate 
lucfenn system and give an inconect luminescence reading. It may be advantageous, therefore, to remove ATP from 
reagent solutions prior to addition to the reaction mix. This can be achieved by contacting the solution with an immo- 
bilised enzyme which converts ATP into a product which is no longer a substrate for luciferase. Such enzymes include 

>s in particular, apyrase which converts the ATP to AMP and two molecules of phosphate. The immobilised enzyme may 

?T k S ..TM 0 0,6 ° hain eXtension/de,ec,ion - » fe Particularly convenient to use magnetic beads such as 

Dynabeads® (sold by Dynal AS, Oslo, Norway) as the solid support due to the ease with which such beads can be 
removed from contact with the solution using a magnet. Generally, however such ATP removal steps have not been 
found to be necessary according to the present invention. 
20 [0018] In order to repeat the method cyclically and thereby sequence the sample DNA and, also to aid separation 
of the angle stranded sample DNA from its complementary strand, it is desirable that the sample DNA is immobilised 
or provided with means for attachment to a solid support Moreover, the amount of sample DNA available may be small 
™« '* ™^ ere,ore "a desirable to amplify the sample DNA before carrying out the method according to the invention. 

n ~m 6 ^ *" amplified ' ,0f eXampl6 in vitro by PCR or Self Sustained Sequence Replication 

25 (3SR) or in vryo using a vector and, if desired, in vitro and in vivo amplification may be used in combination Wh ichever 
method ol amplification is used ft is desirable that the amplified DNA becomes immobilised or is provided with means 
for attachment to a solid support. For example, a PCR primer may be immobilised or be provided with means for 
attachment to a solid support. Also, a vector may comprise means lor attachment to a solid support adjacent the site 

so °^T" ^ S8mPle SUCh th8t amPimed SamP ' e ° NA an ° t " e meanS '° r at,achment ™V ^ excised 
[0020] Immobilisation of the amplified DNA may take place as part ol PCR amplification itself, as where one or more 
primers are attached to a support, or alternatively one or more ol the PCR primers may cany a functional group per- 
mrttins (subsequent immoMisation, eg. a biotin or thiol group. Immobilisation by the 5' end of a primer allows the strand 
ol DNA emanating from that primer to be attached to a solid support and have its 3" end remote Irom the support and 

35 available for subsequent hybridisation with the extension primer and chain extension by polymerase 

[0021] The solid support may conveniently take the form of microtitre wells, which are advantageously in the con- 
ventional 8 x 12 format, or dipsticks which may be made of polystyrene activated to bind the primer DNA (K Aimer 
Doctoral Theses. Royal Institute of Technology, Stockholm. Sweden. 1988). However, any solid support may conven- 
ienUy be used including any of the vast number described in the art. eg. for separation/ immobilisation reactions or 
solid phase assays. Thus, the support may also comprise particles, fibres or capillaries made, lor example, of agarose, 
cellulose, alginate. Teflon or polystyrene. Magnetic particles eg the superparamagnetic beads produced by Dynal AS 
(Oslo. Norway) are a preferred support since they can be readily isolated from a reaction mixture yet have superior 
reaction kinetics over many other forms of support 

[0022] The solid support may carry functional groups such as hydroxy!, carboxyl, aldehyde or amino groups, or other 
-»5 moieties such as avtdm or streptavidin, for the attachment of primers. These may in general be provided by treating 
thesupportto provide a surface coating of a polymer carrying one ol such functional groups, e.g. polyurethane together 
wifoapolyglycol to prowle hydroxy! groups, or a cellulose derivative to provide hydroxyl groups, a polymer or copolymer 
1* ■? °; methacrylic acid to provide carboxyl groups or an aminoalkylated polymer to provide amino groups 
US Patent No. 4654267 describes the introduction of many such surface coalings ^ 

50 S , T " e ""l tech " ique I s ve,v sim P ,e rapid, thus making it easy to automate by using a robot apparatus 
where a large number of samples may be rapidly analysed. Since the preferred detection and quantWcationfe based 
on a lummometnc reaction this can be easily followed spectrophotometrically. The use of luminometers is well known 
in the art and described in the literature. 

[0024] The real-tone pyrophosphate detection method of the present invention thus opens up the possibility for an 
automated approach for large-scale, non-elecropboretic solid-phase sequencing procedures, which allow for continu- 
ous measurement of the progress of the polymerisation reaction with time. The method of the invention also has the 
advantage that multiple samples may be handled in parallel. 

[0025] The target DNA may be cDNA synthesised from RNA in the sample and the method of the invention is thus 
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applicable to diagnose on the bass of characteristic RNA. Such preliminary synthesis can be carried out by a prelim- 
inary treatment with a reverse transcriptase, conveniently in the same system of buffers and bases of subsequent PCR 
steps if used. Since the PCR procedure requires heating to effect strand separation, the lev^traJSZTiSS 
Inadivated in the first PCR cycle. When mRNA is the sample nucleic acid, 5 may be iSZEESlfiE S5 
sample e.g a serum sample, to treatment with an immobilised polydT oligonucleotide in order to retrieve a» mRNA 
via toe terminal polyA sequences thereof. Alternatively, a specific oligonucleotide sequence may be S to brieve 

!nw£^^^ 

[0026] Advantageously, the extension primer is sufficiently large to provide appropriate hybridisation with the se- 
quence^ immediately 5' of the target position, yet still reasonably short in order to avoWunnecei^^ 
It will be clear to persons skKled in the art that the size of the extension primer and the stability of hybridteaZ wHI be 
dependent to some degree on the ratio of A-T to C-G base pairings, since more hydrogen bonding fe availabte in a C 
G , painng. Ateo, the skilled person will consider the degree of homology between toe extension primer to othe parts 
of theampl^d sequence and choose the degree of stringency ac^^^ 

can to found in the literature, for example. Molecular Cloning: a laboratory manual by Sambrook, J FrHschE F and 
Maniatis, T. (1 989). If four aliquots are used, the extension primer is preferably added before the sam^letdivW^ hto 
f our ahquote altoough it may be added separately to each a.iquot. It should be noted that the eSo 1™ T e 
identical wito the PGR primer but preferably it is different, to introduce a further element of s P Sty?ntoThe system 

3° e nd Ji > 9 27 Wi ? 3 phos " ho, y ,ated *«* raining a loop and annealing back on S and he 

3 -end of the sing e stranded template can be used. If the 3'-end of the template has the sequence region denotedT 
(template), the pnmer has the following sequence starting from the 5 --end; P-L-P'-T. whereP is w^erToedfic « to 
30 nuc eotides). L is loop (preferabty 4 to 1 0 nucleotides). P is complementary to P 5 SJSSSK 

and T is complementary to the template sequence in the 3'-end (T) (at least 4 nucleotides). ^isS can men bi 
.gated to the single stranded template using t4 DNA ligase or a similar enzyme. This provides a c^vaton, .mTbetwee^ 
toe template and the pnmer. thus avoiding the possibility that the hybridised primer is washed awa^during to^ m 
[0028] The polymerase reaction in each a.iquot in the presence of the extension primer Z17^ZZ^S S 

SrToSsT^r T-T'" T^* dideo ^ uc,e °« d ~. -9- r? Potymerase. K.enoZs^ se 
Ver. 2.0 (USB U.S.A.). However, it is known that many polymerases have a proof-readinq or enor checkinn shilitu „Z 

IZ "5 r" 31 "^ Cha L" eXtenSi0 " ^ S ° me,imeS di9eS,ed b * one or ™° nudeX ^ 

nollT h aCC °l! n9 10 0,8 inVenti °" ,he ' eVel °' back 9 rau " d ™* '"creases. In order to avoid I tofe ££Z a 

nonproof-reading polymerase, eg. exonuclease deficient (exo) Klenow polymerase may be used Other^isTh 

ss ,o .n t:< assj? ,,uorid . e ion . s or nuc,eoude « ? xs^siii 

[0029] In the method of the invention it is preferred to use a DNA polymerase with high efficiency in each extension 
step due to the rapid increase of background signal which may take place if templates M m ZSv ^ZZ 
accumulate. A high fidelity in each step is also desired, which can be achieved by uScZ^Uh^SSS 
activity. However, this has the disadvantage mentioned above that primer degradTn^robtained Althouah toe 
exonuclease activity of the Klenow polymerase is low. we have found that toe 3" end of toe 

longer ,ncubat»ns OT toe absence of nucleotides. An induced-tit binding mechanism in the potyTrisSon step 2l^ 
veryefficiently for bmdmg of toe correct dNTP with a net contribution towards fidelity of 1 (^STSSS^S 

SZ'^Err SeqU6naSe 2 0> Ca,alySed h «P«--' - a nucleotide sseest 

served when the complementary dNTP was present, confirming a high fidelity of these enzymes even in the absence 
of p roof-reading exonuclease activity. The main advantage of using (exo-) Klenow DNA poUrie over SequJnSe 
2.0 Is s lower Km tor nudeotides. allowing a high rate of nucleotide hcon»atlone^atl^ucle^^SS? 

f 088 a V dNTPS WHh nUC,e ° ,ide 3,13100068 or no "- naturaI nucleotides «uch*^!Sl£" 

^ "! 3y 66 Pre,er3b,e ,or 086 "» a DNA Polymerase having exonuclease activity. 
[0030] In many diagnostic applications, for example genetic testing for carriers of inherited dfeease the sample will 
contain heterozygous material, that is half the DNA wi.l have one nucleotide at the target postad toe If 
win have anotoer nucleotide. Thus H four aliquot* are used in a preferred method accorthZ, toe fnventton iwoS 
showaneBattves^ 

aoo mo pases at the same tome and indeed any sequence of successive identical bases in the sample will lead to 
™ ^ in ™*°' abon 0< ^spending bases into the primer. However, the amount of pympr^SatXrate^ 

[0032] Smce toe pnmer „ extended by a single base by the procedure described above (or a sequence o f W eS 
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bases), the extended pnmer can serve in exactly the same way in a repeated procedure to determine the next base 
in the sequence, thus permitting the whole sample to be sequenced. Immobilisation of the sample and hybridised 
pnmer permits washing to separate unwanted deoxynucleotides before proceeding to the next step 
[0033J The present invention provides two principal methods of sequencing immobilised DNA 

A. The invention provides a first method of sequencing sample DNA wherein the sample DNA is subjected to 
amplrfteation; the amplified DNA is immobilised and then subjected to strand separation, the non-immobilised 
strand being removed and an extension primer is provided, which primer hybridises to the immobilised DNA im- 
mediate^ adjacent that portion of the DNA to be sequenced; each of four aliquots of the immobilised single stranded 
DNA is then subjected to a polymerase reaction in the presence of a deoxynucleotide. each aliquot using a different 
deoxynucleotide whereby only the deoxynucleotide complementary to the base in the target position becomes 
incorporated; pyrophosphate released by base incorporation being identified; the immobilised sample and primer 
then being separated from the reaction solution and the incorporated base added to the unreacted aliquots of 
^f^lT*!' polymerisin 9 conditions to extend the primer in all the aliquots by the said incorporated base 
and the immobilised sample/primer then being separated from the reaction solution, the process beinq repeated 
to sequence the sample DNA. a >epeaiea 

B. The invention also provides a second method of sequencing sample DNA wherein the sample DNA is subjected 
to amplification; the amplified DNA is immobilised and then subjected to strand separation, the non-immobilised 
strand being removed and an extension primer is provided, which primer hybridises to the immobilised DNA im- 
mediately adjacent that portion of the DNA to be sequenced; immobilised single stranded DNA is then subjected 
to a polymerase reaction in the presence of a first deoxynucleotide, and the extent ol pyrophosphate release is 
determined, where necessary the immobilised sample and primer being separated from the reaction mixture and 
the reaction bemg repeated by successive addition of a second, third and fourth deoxynucleotide until a positive 
release of pyrophosphate indicates incorporation ol a particular deoxynucleotide into the primer whereupon the 

7 tT ated ,0 6Xtend ' he Primef °" e b3Se M a time and ,0 de,emiine ■» baaa ™«ch is immediately 3? 
of the extended pnmer at each stage. 

[0034J An alternative format for the analysis is to use an array format wherein samples are distributed over a surface 

Z^T 3 ™™ ,abncated and ,hereb y » «*»«» ^t of samples may be immobilized in a ^dimensional 
format. Many samples can thereby be analysed in parallel. Using the method of the invention, many immobilized tem- 
plates may be analysed in this was by allowing the solution containing the enzymes and one nucleate flow over 
the surface and then detecting the signal produced for each sample. This procedure can then be repeated AlteSivX 
severe drfferent oligonucleotides complementary to the template may be distributed over the .SSete^SX 

nucleotide by the s.gnal produced using the various oligonucleotides as primer. By combining the signals trom different 

vTus 0 'szzsssr*-" **~ ™ y - by ,ow cydes <* usSr 

SopI^Lc 0R ifT* 51 ? P T rS) ' 38 ****** in ouf ^"ding application WO90/11369. may be 
used to enhance the signal to no.se ratio and thereby increase the sensitivity ol the method according to the invention 
By such prehminary amplriication the concentration ol target DNA is greatly increased with respect to other DNA wS, 
ST?. 1 ? "! e f*" 1 ' secondrstage amplification with at least one primer specific to a different sequence 

SET? 9 "! T¥ 6nhanCeS 106 Signa ' dUC t0 me ,ar9e ' DNA rela,ive to *» "background noise'. 
£036] Regardless of whether one-stage or two stage PCR is performed, the efficiency ol the PCR is not critical since 

to run an initial qualitative DIANA as a check for the presence or absence of amplified DNA 
Er^f!« P °'!! r !, e . may *" U " d ' aWl0U8h H fe pre,erred to «» a «hermophilic enzyme such as Taq 

S wTff^r^eTh?^ " 3 P refe,r « , 1 me,hod °' ™»* anp'itying target DNA although the skilled 
person wffl appreciate that oOier methods may be used instead of in combination with PCR. A recent development in 
amplication techniques which does not require temperature cycling or use of a thermostable polymerase^ SdTsuT 
tomed Sequence Replication (3SR). 3SR is modelled on retroviral replication and ZtZ^^Z fsee 

lo.^iSr 38 ' ^ ^ <USA) ^ :1874 - 1878 - d G N>eras. T.R. eialPCR Method ZSSSSSl 

[0039] As indicated above, the method can be applied to identifying the release of pyrophosphate when dkfeoxynu- 
ctetJWe residues are incorporated into the end of a DNA drain. W093/23562 re.atestoa memod oHdTntiSof 

ES L ^FT^f ° NA SeqUenCe N*«6queneh8) wherein sampte DNA is subjected to aTp«- 
ficahon. the ampOf.ed DNA B ImmoMised and then subjected to strand separation, the non-immobilised strand being 
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removed and an extension primer, which hybridises to the immobiUsed DN A immediately adjacent to the target position, 
is provided; each of four attquots of the immobilised single stranded DNA is then subjected to a polymerase reaction 
in the presence of a dldeoxyhucleotide, each aliquot using a different dideoxynucleotide whereby only the dideoxynu- 
cleotlde complementary to the base in the target position becomes incorporated; the four aliquots are then subjected 
to extension in the presence of all four deoxynucleotides, whereby in each aliquot the DNA which has not reacted with 
the dideoxynucleotide is extended to form double stranded DNA while the dideoxy-blocked DNA remains as single 
stranded DNA; followed by identification of the double stranded and/or single stranded DNA to indicate which dideox- 
ynucleotide was incorporated and hence which base was present in the target position. Clearfy, the release of pyro- 
phosphate in the chain terminating dideoxynucleotide reaction will indicate which base was incorporated but the rela- 
tively large amount of pyrophosphate released in the subsequent deoxynucleotide primer extension reactions (so- 
called chase reactions) gives a much larger signal and is thus more sensitive. 

[0040J It will usually be desirable to run a control with no dideoxynucleotides and a 'zero control' containing a mixture 
of all four dideoxynucleotides. 

[0041] W093/23562 defines the term 'dideoxynucleotide' as including 3'-protected 2'-deoxynucleotides which act in 
the same way by preventing further chain extension. However, if the 3' protecting group is removable, for example by 
hydrolysis, then chain extension (by a single base) may be followed by unblocking at the 3' position,' leaving the ex- 
tended chain ready for a further extension reaction. In this way, chain extension can proceed one position at a time 
without the complication which arises with a sequence of identical bases, as discussed above. Thus, the methods A 
and B referred to above can be modified whereby the base added at each stage is a 3'-protected ^-deoxynucleotide 
and after the base has been added (and the light emission detected), the 3'-blocking group is removed to permit a 
further 3'-protected - 2' deoxynucleotide to be added. Suitable protecting groups include acyl groups such as alkanol 
grouops e.g. acetyl or indeed any hydroxyl protecting groups known in the art, for example as described in Protective 
Groups in Organic Chemistry, JFW McOnie, Plenum Press, 1973. 

[0042] The invention, in the above embodiment, provides a simple and rapid method for detection of single base 
changes. In a preferred format it successfully combines two techniques: solid-phase technology (DNA bound to mag- 
netic beads) and an Enzymic Luminometric Detection Assay (ELIDA). The method can be used to both identify and 
quantitate selectively amplified DNA fragments. It can also be used for detection of single base substitutions and for 
estimation of the heterozygosity index for an amplified polymorphic gene fragment. This means that the method can 
be used to screen for rare point mutations responsible for both acquired and inherited diseases, identify DNA polymor- 
phisms, and even differentiate between drug-resistant and drug-sensitive strains of viruses or bacteria without the need 
for centrifugations, Mirations, extractions or electrophoresis. The simplicity of the method renders it suitable for many 
medical (routine analysis in a wide range of inherited disorders) and commercial applications. 
[0043] The positive experimental results presented below clearfy show the method is applicable to an on-line auto- 
matic non-electrophoretic solid phase DNA sequencing approach, with step-wise incorporation of single deoxynucle- 
otides. After amplification, immobilization on magnetic beads, melting to yield single-stranded DNA and annealing of 
the pnmer, the template/primer-fragment is used in a repeated cycle of dNTP incubation and washing. Samples are 
continuously monitored in the ELIDA. As the synthesis of DNA is accompanied by release of inorganic pyrophosphate 
(PPi) m an amount equal to the amount of nucleotide incorporated, signals in the ELIDA are observed only when 
complementary bases are incorporated. Due to the ability of the method to determine PPi quantitatively, it is possible 
to distinguish incorporation of a single base from two or several simultaneous incorporations. Since the DNA template 
is preferably obtained by PCR, it is relatively straight forward to increase the amount of DNA needed for such an assay 
[0044] As mentioned above our results open the possibility for a novel approach for large-scale non-electrophoretic 
solid phase DNA sequencing, which allows for continuous determination of the progress of the polymerisation reaction 
with time. For the success of such an approach there is a need for high efficiency of the DNA polymerase due to the 
rapid increase of background signal if templates accumulate which are not 'in phase". The new approach has several 
advantages as compared to standard sequencing methods. Firstly, the method is suitable for handling of multiple 
samples in parallel. Secondly, relatively cost-effective instruments can be envisioned. In addition, the method avoids 
the use of electrophoresis and thereby the loading of samples and casting of gels. 

[0045] Advantageously, the method according to the present invention may be combined with the method taught in 
W093/23563 which uses PCR to introduce loop structures which provide a permanently attached 3' primer at the 3' 
terminal of a DNA strand of interest For example, in such a modified method, the extension primer is introduced as 
part of the 3'-termtnal loop structure onto a target sequence of one strand of double stranded DNA which contains the 
target position, said target sequence having a region A at the 3Merminus thereof and there being optionally a DNA 
region B which extends 3* from region A, whereby said doutte-stranded DNA is subjected to polymerase chain reaction 
(PCR) amplification using a first primer hybridising to the S'-terminus of the sequence complementary to the target 
sequence, which first primer is immobilised or provided with means for attachment to a solid support, and a second 
pnmer having a 3'-terminal sequence which hybridises to at least a portion of A and/or B of the target sequence while 
having at its 5'-end a sequence substantially identical to A, said ampfification producing double-stranded target DNA 
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having at the 3 -end of the target sequence, in the following order, the region A, a region capable of forming a loop and 
a sequence A complementary to sequence A, whereafter the amplified double-stranded DNA is subjected in immobi- 
lised form to strand separation whereby the non-immobilised target strand is liberated and region A 1 is permitted or 
caused to hybridise to region A, thereby forming said loop. The 3' end of region A' hybridises immediately adjacent the 
target posrtion. The dideoxy and/or extension reactions use the hybridised portion as a primer. Experiments using this 
principle have been performed successfully, as illustrated in the Examples herein. 

[0046) The invention also comprises kits for use in methods of the invention which will normally include at least the 
following components: 

(a) a test specific primer which hybridises to sample DNA so that the target position is directly adjacent to the 3* 
end of the primer, 

• (b) a polymerase; 

(c) detection enzyme means for identifying pyrophosphate release; 

(d) deoxynucleotides including, in place of dATP, a dATP analogue which is capable of acting as a substrate tor a 
polymerase but incapable of acting as a substrate for a said PPi-detection enzyme; and 

(e) optionally dideoxynucleotides. optionally ddATP being replaced by a ddATP analogue which is capable of acting 
as a substrate for a polymerase but incapable of acting as a substrate for a said PPi-detection enzyme. 

[0047] If the kit is for use with initial PCR amplification then it win also normally include at least the following com- 
p orients. 

(i) a pair of primers for PCR, at least one primer having means permitting immobilisation of said primer; 

(ii) a polymerase which is preferably heat stable, for example Taql polymerase; 

(iii) buffers for the PCR reaction; and 

(iv) deoxynucleotides. 

10048] Where an enzyme label is used to evaluate PCR, the kit will advantageously contain a substrate for the 
enzyme and other components of a detection system. 

[0049] The invention will now be described by way of a non-limiting Example with reference to the drawings in which: 

Fjaurej. is a schematic representation of the real-time DNA sequencing method. The four different nucleotides 
are added stepwise to the immobilised template hybridised to a primer. The PPi released in the DNA polymerase 
catalysed reaction, is detected by the ATP sullurylase and lucHerase catalysed reactions. The height of the signal 
is proportwnalto the number - of bases which have been incorporated. After each base addition a washing step 
is performed. These steps are repeated in a cycle and the sequence of the template is deduced- 
Figure2 shows the effect of dATP and dATPoS on the lucHerase reaction. 0.1 nmol dATP and 8 nmol dATPaS 
were added as indicatsd and the luminescence output was detected' 

Figu^ shows the extent of PPi synthesis as a function of template concentration. Three pmol (excr) Klenow were 
maibated with 1 or2 pmol E3PN/NUSPT as indicated. The reactions were started by the addition of 40 pmol dCTP 
The PPi released were detected by the ELI DA; 

E£ure4 shows real-time detection of one base incorporation on three different templates 1.5 pmol indicated tenv 

*h ! With 3 °' {BXO ) Klenow - The reactk>ns were started »y addition of 40 pmol of the 

indicated deoxynucleotide and the PPi released were detected by the ELIDA; 

gjyroj shows real-time DNA sequencing performed on 291-base-long PCR-generated single-stranded template 
mnx^lised on streptavid* coated paramagnetic beads. About 1 pmol of the template/primer (NUSPT ) was in- 

^ ™ h i^ T' KI !" 0W - ^ reaction was start <>d by the addition of 40 pmol of the indicated deoxynu- 
cleohde and the PP, released were detected by the EUDA. Between each nucleotide addition the beads were 
washed The given EUDA signals are compensated for the toss of beads during the washing procedures 
The DNA-sequence after the primer, as confirmed by semi-automated solid-phase DNA-sequendng, is inserted 
m tne figure; 

figures shows a schematic representation of using PCR to generate a loop-structure with one of the primers 
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Kotinylated. The PCR-product Is immobilised and the non-biotinylated strand is ehrted with alkali The hlnWint^ 
strand . allowed to hybridise to form a bop-structure. The bop-structure was «2St^£2fi3 
DNA sequencing as illustrated in Figure 1 and described In Example 1 ■ 'empiaie tor real-time 

fjaure? shows real-time DNA sequencing performed on a PCR-genera'ted loop-structure immobilised on strata 

STT, 6 * 5 b6adS - 2 Pm °' ° f temp,ate was incubated Witt, 3 prnoCi-1 t^DHA 
polymerase. The reaction was started by the addition of 40 pmol of the indicated deoxvZSe ^TmJ p pi 

released was detected by the ELI DA. Tne loop-structure is designed to allow toJSZ£X^££ 
end durmg the PCR reaction, since some thermostable DNA potymerases. such as Taq DNA ^lyrrterase ^how 
terrmnal transferase activity and add an extra non-template dependent A at the 3--end and W*™ 3 ™*- show 

JSfaSaS cTptr" 9 0< "" Se '' UP USi " 9 9 ^ ***** 10 3 «*> 



EXAMPLE 1 



» MATERIALS AND METHODS 

Synthesis and purification of oligonucleotides 
[0050] The oligonucleotides E2PN (55-men 



5'CGACGATCTGA6GTCATAGCT-GTTTCCTGT6TGAACTGGCCGTCGTTTTACAACG3') Fipn /« 
5GCTGGAATTCGTCAGACTGGCCGTCGTTTTACAAC3'), NUSPT (5-CTAA MCGACGGnrAP^ p.t ™^ 

AGCTTGGGTTCGAGGAGATCTTCCGGGTOCGGCGGAAGATCTCCTC^ 203 g" 

AGCTCCTCGAGGAGATCTTCCGCCGTAACCCGGAAGATCTCCTCGAACCCA) ROMO 205S f 5 - CC Trr Ar at^t" 

In vitro amplification and template preparation 

paramagnetic ^ D^,. t^p.U,, :CZT^St!r 



Real-time DNA sequencing 



[0052] The oligonucleotide E3PN and the above described PCR product were used as t m ^, M »„ r ,• „., „ 
sequencing. The oligonucleotide E3PN was immobilised onto stre^*^ s^oer Tfr* 

te^eT^^ 

template. The immobilised DNA-fragments were incubated with either a mnHHiod T7 nu* ) ' 

2.0; US. Biochemical. Cleveland, OH, USA). K.enow DNA ^^ fS^SSii^S SSSZ 

2X? 21"SiT« SET*, 1 - 0 mM Trfe - HC ' (pH 

?E! f "? ^, a r enttometric «*°*«*- The .uminometer was calibrated to gS aTesZToMO Lf to^EZS 
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Sweden). The reaction was carried out at room temperature. When the effect of dATP and dATPaS on the luciferase 
reaction was studied both APS and ATP sulfurylase were omitted from the assay. 

Semi-automated solid-phase DNA sequencing 

[0053] The sequence data obtained from the real-time DNA-sequencing was confirmed by semi-automated solid- 
phase sequencing (Hultman, T, Bergh, S., Moks, T., and Uhlen, M. (1991) BioTechniques 10, 84-93). 

RESULTS 

Principle of the sequencing method 

[0054] The principle of the sequencing method is illustrated in Fig. 1 . A specific DNA-fragment of interest is immo- 
bilised onto a solid support (e.g. by biotin/streptavidin coupling) and subsequently converted into single-stranded form. 
A sequencing primer is hybridised to the single-stranded DNA, and a repeated cycle of deoxynucleotide incubation 
and washing is performed. The synthesis of DNA is accompanied by release of PPi equal in molarity to that of the 
incorporated nucleotide. Thereby, real-time signals are obtained by the ELI DA only when complementary bases are 
incorporated. In the ELIDA the produced PPi is converted to ATP by ATP sulfurytase and the amount of ATP is then 
determined by the luciferase assay (Fig. 1). From the ELIDA results the sequence after the primer is deduced. 

Effect of dATP and dATPaS on the luciferase system 

[0055] We have observed that dATP interfered with the detection system of the luciferase luminescence assay de- 
scribed by Nyren et al (Supra). This interference is a major problem when the method is used to detect a single-base 
incorporation event. Several approaches to decrease this background activity were tested (data not shown) and among 
those the largest positive effect was achieved by replacing the natural dATP with dATPaS. Fig. 2 shows the results of 
using dATP and dATPaS during the luciferase assay. An addition of 0.1 nmol dATP induced an instantaneous increase 
in the light emission followed by a slow decrease until it reached a steady-state level. The steady-state level increase 
in light emission after adding dATP corresponds to 1-2% of the emission from an equivalent addition of ATP. This effect 
of dATP makes it impossible to start a sequencing reaction by adding dATP; the reaction must instead be started by 
addition of DNA polymerase. The signal-to-noise ratio will also become higher for dATP compared to the other nucle- 
otides. On the other hand, addition of 8 nmol dATPaS (80-fold higher amount than dATP) had only a minor effect on 
the luciferase (Fig. 2). From Fig. 2 it can be deduced that dATPaS is less than 0.05% as effective as dATP as a substrate 
for luciferase. According to these results there is therefor a great advantage to using dATPaS instead of dATP, together 
with a DNA polymerase that accepts this nucleotide. 

Solid-phase technique 

[0056] Several different parameters were optimised in a model system using two different synthetic DNA templates. 
To simplify sequencing of several bases, the DNA was immobilised on a solid-phase. Here we have used two types 
of streptavidin-coated super paramagnetic beads from Dynal: M280 and M450. Both types of beads have a high binding 
capacity. We found that the larger beads (M450) allow a faster washing procedure due to their higher sedimentation 
rate (data not shown). To eliminate blunt-end DNA polymerase activity (Clak, J.M. (1991 ) Gene, 1 04, 75-80), sequence 
primers annealing at least one base inside from the 3' end of the template were chosen, tn Fig. 3, a single-base 
incorporation event is shown for two different concentrations of primer/template. The reactions were started by addition 
of the next correct base (dCTP) and the traces show the release of PPi during the incorporation of the base. No release 
of PPi was observed if a non-complementary base was added (data not shown). In the subsequent experiments 1 pmol 
of primerAemplate was used and the relevant signal difference was recorded (Fig. 3). Both the initial rate and the extent 
of PPi formed in the ELIDA are proportional to the DNA concentration within a broad interval (Hultman et at ., supra). 
The upper limit for the assay is 200 pmol PPi formed (1uW) (Nyr6n, P., and Lundin, A. (1985) Anal. Biochem. 151, 
504-509). The lower limit is mainly determined by the volume used, and by contamination of PPi and ATP in the different 
solutions. 

Effect of DNA polymerase concentration 

[0057] In the next series of experiments the effect of polymerase concentration on the sequencing procedure was 
studied. We found that it was important to use an excess of polymerase over primerAemplate to be sure that all free 
3' ends were extended. A! lower polymerase concentrations Diphasic kinetics (a fast phase followed by a slower phase) 
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was observed (data not shown). The amplitude of the fast phase is stoichiometric with the amount of enzyme present, 
and the slow phase is the same as the rate of steady-state incorporation. The rate limiting steps for the slow phase 
are the dissociation of the polymerase from the extended primer/template and the subsequent binding to a not-extended 
primer/template. The incorporation rate as a function of nucleotide concentration was also studied. We observed a 
Km, for one base incorporation, of 0.2 and 0.4 u.M for Klenow and Sequenase 2.0, respectively (not shown). The latter 
results are in accordance with data from the literature (Van Draanen, N.A., Tucker, S.C., Boyd, F.L, Trotter, B W and 
Reardon, J.E. (1992) J. Biol. Chem. 267, 25019-25024). 

Real-time DNA sequencing 

[0058] Different synthetic templates as well as a PCR product were sequenced in order to investigate the feasibility 
of the new approach. Extension of one base on three different primer/templates are shown in Fig. 4. Both the rate and 
extent (slope and height of the signals) of nucleotide incorporation were similar for all three types of templates tested. 
In Fig. 5 real-time DNA sequencing of 15 bases of a 291 -base-long single-stranded PCR product is shown. The se- 
quencing procedure was started by addition of dATPaS. No PPi release due to base incorporation was detected in the 
ELIDA. The small signal observed is due to PPi . contamination in the nucleotide solution. After a washing step, dGTP 
was added; a signal corresponding to incorporation of one residue was observed. The next base added was dCTP; a 
signal corresponding to incorporation of two identical residues was now detected. The subsequent addition of dTTP 
gave no signal. Thereafter, dATPaS was added again. This time the incorporation of two identical residues was noted. 
The latter detected incorporation confirmed earlier observations (Vosberg, H.P., and Eckstein, f. (1977) Biochemistry 
16, 3633-3640) that dATPaS is efficiently incorporated into the primer/template by Klenow polymerase. A signal cor- 
responding to incorporation of one residue was obtained after the next addition which was dGTP. By continuing this 
cyclic procedure further information about the sequence was obtained. It is important to note that enough nucleotides 
must be added to allow longer extensions when there is a stretch of identical residues. The sequencing procedures 
were repeated several times on the same template with the same result. The decrease in signal due to loss and 
aggregation of beads during the washing procedure (measured by the decrease in optical density) has been compen- 
sated for in Fig. 5. The loss was lower for the M450 beads than for the M280. The obtained sequence was confirmed 
by semi-automated solid-phase Sanger sequencing (data not shown). 

EXAMPLE 2 

MATERIALS AND METHODS 

Construction of the hairpin vector pRIT 28HP and preparation of template 

[0059] The oligonucleotides RIT 203, and RIT 204 (prepared as described in Example 1 ) were hybridised, and ligated 
to Hindlll (Pharmacia, Biotech, Uppsala, Sweden) pre-restricted plasmid pRIT 28 (Hultman et al. 1990, supra). PCR 
reaction was performed on the multilinker of plasmid pRIT 28HP with 7.5 pmol of primer pairs, RIT 29/ROMO 205S, 
200 uM dNTP, 20 mM Tris-HCI pH 8.7, 2 mM MgCfe, 0.1% Tween 20 and 1 unit AmpliTaq DNA Polymerase. {Perkin 
Elmer, Cetus, Emeryville, USA) making up a final volume of 50 u.1. The temperature profile included a' 15 seconds 
denaturation step at 95°C and a 90 seconds annealing/ extension step at 72°C. These steps were repeated 35 times 
with a GeneAmp PCR System, 9600 (Perkin Elmer, Emeryville, USA). The biotinytated PCR products were immobilised 
onto streptavidin-coated superparamagnetic beads (Dynabeads™ M280-Streptavidin, from Dynal A.S., Oslo, Norway). 
The beads were used as described by the manufacturer (Dynal AS, Oslo, Noway). Single-stranded DNA was obtained 
by removing the supernatant after incubation of the immobilised PCR product in 0.1 M NaOH for 5 minutes. The im- 
mobilised single-stranded DNA was washed first with 1 xTE (Tris-HC1 1 0 mM, 1 mM EDTA, pH 7.5) and was hybridised 
at 65°C for 5 minutes in 20 mM Tris-HCI pH 7.5, 8mM MgCfe to make a loop-structure for real-time DNA sequencing. 

Real-time DNA sequencing on loop-structure 

[0060] The prepared loop-structure immobilised on superparamagnetic beads was incubated with (exo*) Klenow 
DNA polymerase. The sequencing procedure was carried out as described in Example 1 . 

RESULTS 

[0061 J The principle of generating a loop-structure as a template for use in real-time sequencing is shown in Figure 
6. This method involves the use of only one biotinytated primer which is used to immobilise the hybridised product of 
amplification. The non-biotinvfated strand is removed allowing formation of the loop-structure by hybridisation. The 
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results of using the irnrnobiBsed loop-structure are shown in Figure 7 for 12 subsequent sequencing cycles Bv this 
method, the sequence of the first 10 bases adjacent to the loop-primer could be determined 
[0062] Sequencing may be performed by using a capillary as a solid support and a schematic representation for the 
set-up usmg an immobilised DNA-fragment with hybridised primer (as in Example 1) is shown in Figure 8 A similar 

Set-UD maV be USed for immnhin<5orf nMA.franmor.* «™»K l« ^ a •"»»■»» 



%S - • -J -rw v*mr*+ W» fH||b| l( 

set-up may be used for immobiHsed DNA-fragment with loop-primer. 
Claims 

1 . A method of identify ing a base at a target position in a single-stranded sample DNA sequence wherein an extension 
pnmer, which hybridises to the sample DNA immediately adjacent to the target position is provided and the sample 
DNA and extension primer are subjected to a polymerase reaction in the presence of a deoxynucleotide or dide- 
oxynudeotide whereby the deoxynucleotide or dideoxynudeotide will only become incorporated and release dv- 
rophosphate (PPi) if it is complementary to the base in the target position, any release of PPi being detected 
enzymically, differe.nl deoxynucleotides or dideoxynucleotides being added either to separate aliquots of samole- 
pnmer mixture or successively to the same sample-primer mixture and subjected to the polymerase reaction to 
indicate which deoxynucleotide or dideoxynudeotide is incorporated, characterised in that, the PPi-detection 
enzymefs) a'einduded in the polymerase reaction step and in that in place of deoxy- or dideoxy adenosine tri- 
phosphate (ATP) a dATP or ddATP analogue is used which is capable of acting as a substrate for a polymerase 
but incapable of acting as a substrate for a said PPi-detection enzyme. 

2. A method as claimed in daim 1 , wherein the release of PPi is detected by means of a luciferase-luciferin-based 
reaction . 

3 - re ' eaSe * USi " 9 ■» Luminometric .norganic 

4 " mSCaMd^osT °' C ' aimS 1 ,0 3 ' *"* *" ^ ° f ^ 303,091,6 te - 
5 ' and dTTp 38 C ' aimed ^ °' daimS 1 ,0 4 ' ,urther """P"** the use of the o-thio analogues of dCTP, dGTP 

6. A method as claimed in any one of claims 1 to 5, wherein the sample DNA is immobilised or provided with means 
lor attachment to a solid support. 

7. A method as daimed in any one of claims 1 to 6, wherein the sample DNA is first amplified. 

8. A method as claimed in any one of claims 1 to 7, wherein the extension primer contains a loop and anneals back 
on itself and the 3' end of the sample DNA. 

9. Amethod as claimed in any one of claims 1 to 8. wherein the sample DNA is subjected to amplification; the amplified 
DNA is immobilised and then subjected to strand separation, the non-immobilised strand being removed and an 
extension pnmer, which hybridises to the immobilised DNA immediately adjacent to the target position, is provided- 
each of four aliquots of the nmbiSsed single stranded DNA is then subjeded to a polymerase reaction in the 
presence of a dideoxynudeotide, each aliquot using a different dideoxynudeotide whereby only the dideoxynu- 
deotide complementary to the base in the target position becomes incorporated; the four aliquots are then sub- 
™^ Ifr 0 ! 01 P T'^ °' a " '° Ur •fco'Vnudeotidea. whereby in each aliquot the DNA which has not 
readed with the dideoxynudeotide is extended to form double stranded DNA while the dldeoxy-blocked DNA 

3 tl n9 J e . S,fanded , ° NA; '° ,l0wed by identif,caUon of *• double stranded and/or single stranded DNA to 
indicate which dideoxynudeotide was incorporated and hence which base was present in the target position. 

10. A kit for use in a method as defined in any one of claims 1 to 9 comprising, 

(a) a polymerase; 

(b) detection enzyme means for identifying pyrophosphate release; 
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(c) deoxynucleotides including, in place of dATP, a dATP analogue which is capable of acting as a substrate 
for a polymerase but incapable of acting as a substrate for a said PPkfetection enzyme; and 

(d) a test specific primer which hybridises to sample DNA so that the target position is directly adjacent to the 
3* end of the primer; 

(e) optionally dideoxynucleotides, ddATP being replaced by a ddATP analogue which is capable of acting as 
a substrate for a polymerase but incapable of acting as a substrate for a said P Pi-detection enzyme. 

11. A kit as claimed in claim 10, for use with initial PCR amplification further comprising: 

(i) a pair of primers for PCR, at least one primer having means permitting immobilisation of said primer, 

(ii) a polymerase for PCR; and 

(iii) deoxynucleotides. 

12. A method or kit as claimed in any one of claims 1 to 11 , wherein the polymerase in the polymerase reaction step 
is exonuclease deficient (exo-). 

13. A method or kit as claimed in any one of claims 1 to 12, for use with a multiplicity of sample DNA sequences, 
wherein said DNA sequences are arranged in assay format on a solid surface. 

Patentanspruche 

1 . Verf ahren zur Identif izierung einer Base an einer Zielposition in einer Einzelstrang-DN A-Sequenzprobe, wobei ein 
Ansatz-Primer, der mit der Proben-DNA direkt benachbart zu der Zielposition hybridisiert, zur Verf ugung gestellt 
wird, und die Proben-DNA und der Ansatz-Primer einer Polymerasereaktion in der Anwesenheit eines Desoxynu- 
cleotids oder eines Didesoxynucleotids unterzogen wird, wodurch das Desoxynucleotid oderdas Didesoxynucleo- 
tid nur dann eingefOhrt wird und Pyrophosphat (PPi) freisetzt, wenn es zu der Base an der Zielposition komple- 
mentar ist, jede Freisetzung von PPi enzymatisch detektiert wird, verschiedene Desoxynucleotide oder Dides- 
oxynucleotide entweder getrennten Aliquoten einer Probe-Primer-Mischung oder schrittweise der gleichen Probe- 
Primer-Mischung zugegeben und der Polymerasereaktion unterzogen werden, um anzuzeigen, welches Des- 
oxynucleotid oder Didesoynucleotid eingebaut wird, dadurch gekennzelchnet, daB das bzw. die PPi-Detektions- 
enzym bzw. PPi-Detektionsenzyme in dem Porymerasereaktionsschritt enthalten sind und dadurch, daB anstelle 
von Desoxy- oder Didesoxyadenosintriphosphat (ATP) ein dATP- oder ein ddATP-Analogon verwendet wird, das 
dazu in der Lage ist, als ein Substrat fur eine Polymerase zu wirken, aber nicht dazu in der Lage ist, als ein Substrat 
fur das PPi-Detektionsenzym zu wirken. 

2. Verfahren nach Anspruch 1 , wobei die Freisetzung von PPi mittels einer Reaktion auf Luciferase-Luciferin-Basis 
detektiert wird. 

3. Verfahren nach Anspruch 2, wobei eine PPI-Freisetzung unter Verwendung des enzymatischen luminometrischen 
anorganischen Pyrophosphat- Detektionsassays (EUDA) detektiert wird. 

4. Verfahren nach einem der Anspruche 1 bis 3, wobei das dATP- oder ddATP-Analogon Desoxy ad enosin-a-Thiotri- 
phosphat (dATPaS) ist 

5. Verfahren nach einem der Anspruche 1 bis 4, das femer die Verwendung des a-Thio-Analogons von dCTP, dGTP 
und dTTP umfaBt. 

6. Verfahren nach einem der Anspruche 1 bis 5, wobei die Proben-DNA immobilisiert ist oder mil Mrtteln zur Verbin- 
dung mit einem festen Trager versehen 1st. 

7. Verfahren nach einem der Anspruche 1 bis 6, wobei die Proben-DNA zuerst ampfifrziert wird. 

8. Verfahren nach einem der Anspruche 1 bis 7, wobei der Ansatz-Primer eine Schleife enthalt und an sich selbst 
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und das 3'-Ende der Proben-DNA zuruckbindet. 

9. Verfahren nach einem der AnsprOche 1 bis 8, wobei die Proben-DNA einer Amplifikation unterzogen wird, die 
amplifizierte DNA immobilisiert wird und dann einer Strangtrennung unterzogen wird, der nicht immobilisierte 
Strang entfemt wird und ein Ansatz-Primer, der mit der immobiiisierten DNA direkt benachbart zu der Zielposition 
hybridisiert, zur Verf ugung gestellt wird, jedes von vier Aliquoten der immobiiisierten Einzelstrang-DNA dann einer 
Polymerase-Reaktion in der Anwesenheit eines Didesoxynucleotids unterzogen wird, wobei bei jedem Aliquot ein 
anderes Didesoxynucleotid verwendet wird, wodurch nur das Didesoxynucleotid, das der Base in derZielposition 
komplementar ist, eingefuhrt wird, die vier Aliquote dann einer Verlangerung in der Anwesenheit von alien vier 
Desoxynucleotiden unterzogen wird, wodurch bei jedem Aliquot die DNA, die nicht mit dern Didesoxynucleotid 
reagiert hat, veiiangert wird, urn eine Doppelstrang-DNA zu bilden, wahrend die Didesoxy-blockierte DNA als 
Einfachstrang-DNA verbleibt, gefolgt von einer Identifikation der Doppelstrang- und/oder Einfachstrang-DNA, urn 
anzuzeigen, welches Didesoxynucleotid eingefuhrt wurde und somit welche Base in der Zielposition vorhanden 
war. 

10. Kit- bzw. Reaktionssatz zur Verwendung bei einem Verfahren nach einem der AnsprOche 1 bis 9 mit 

(a) einer Polymerase; 

(b) Detektionsenzymmittel zur Identifizierung einer Pyrophosphatfreisetzung; 

(c) Desoxynucleotide, die anstelle von dATP ein dATP-Analogon enthalten, das dazu in der Lage ist, als ein 
Substrat fur eine Polymerase zu wirken, aber nicht dazu in der Lage ist, als ein Substrat fur das PPi-Detekti- 
onsenzym zu wirken, und 

(d) einem testspezifischen Primer, der mit der Proben-DNA hybridisiert, so daB die Zielposition direkt benach- 
bart zu dem 3'-Ende des Primers ist; 

(e) wahlweise Didesoxynucleotide, wobei ddATP durch ein ddATP-Analogon ersetzt ist, daB dazu in der Lage 
ist, als ein Substrat fur eine Polymerase zu wirken, aber nicht dazu in der Lage ist, als ein Substrat fur das 
PPi-Detektionsenzym zu wirken. 

11. Kit- bzw. Reaktionssatz riach Anspruch 10 fur eine Verwendung mit anfanglicher PCR-Amplifikation, das ferner 
folgendes aufweist: 

ft) ein Paar von PCR-Primem, wobei mindestens ein Primer Mittel aufweist, die eine Immobilisierung des 
Primers eriauben 

(fi) eine PCR-Polymerase, und 

(iii) Desoxynucleotide. 

12. Verfahren oder Kit- bzw. Reaktionssatz nach einem der AnsprOche 1 bis 11, wobei die Polymerase in dem Poly- 
merasereaktionsschritt arm an bzw. frei von Exonuclease ist (exor). 

13. Verfahren oder Kit- bzw. Reaktionssatz nach einem der AnsprOche 1 bis 12 zur Verwendung mit einer Mehrzahl 
von DNA-Sequenzproben, wobei die DNA-Sequenzen in einem Assay-System auf einer festen Oberflache ange- 
ordnet sind. 



Revendicatlons 

1. Procede cTkJentification d'une base a une position cible dans une sequence d'echantillon d'ADN monocatenaire, 
dans Jequel on foumit une amorce Elongation, qui s*hybride a I'echantillon d'ADN juste a cote de la position cible, 
et on soumet TechantiDon cfADN et r amorce TeMongation a une reaction par polymerase en presence cfun desoxy- 
nucleotide ou didesoxynucleotide en sorte que le desoxynucleotide ou le didesoxynucleotide ne sort incorpore et 
ne libere du pyrophosphate (PPi) que sil est compl^mentaire de la base a la position cible, toute liberation de PPi 
6tant detectee par voie enzymatique, diffe>ents desoxynucleotides ou didesoxynuc!6otides etant ajoutes sort a 
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des portions aliquotes separees du melange 6chantilion-amorce, soft success ivement au meme melange echan- 
tillon-amorce, et soumis a la reaction par polymerase pour indiquer quel desoxynucleotide ou didesoxynucleotide 
est Incorpore, caracte>ls6 en ce que la ou les enzymes de detection de PPi sont rncluses dans Petape de reaction 
par polymerase et en ce que, a la place du desoxy- ou didesoxy-adenosine^triphosphate (ATP), on utilise un 
analogue de dATP ou de ddATP qui est capable d'agir comme substrat pour une polymerase, mals incapable 
d'agir comme substrat pour ladite enzyme de defection de PPi. 

2. Precede selon la revendication 1 , dans lequel la liberation de PPi est d§tectee au moyen d'une reaction a base 
de luciferase-luciferine. 

3. Proceed selon la revendication 2, dans lequel la liberation de PPi est detectee en utilisant I'Essai de Detection de 
Pyrophosphate Inorganique Enzymatique-Luminometrique (ELIDA). 

4. Procede selon Tune quelconque des revendications 1 a 3, dans lequel Panalogue de dATP ou de ddATP est le 
desoxyadenosine-a-thiotriphosphate (dATPaS). 

5. Procede selon Tune quelconque des revendications 1 a 4, comprenant de plus ('utilisation des analogues a-thio 
de dCTP, dGTP et dTTP. 

6. Proc6de selon Tune quelconque des revendications 1 a 5, dans lequel rechantillon d'ADN est immobilise ou muni 
d'un moyen de fixation a un support solide. 

7. Procede selon Tune quelconque des revendications 1 a 6, dans lequel rechantillon d'ADN est d'abord amplifie. 

8. Procede selon Tune quelconque des revendications 1 a 7, dans lequel Pamorce d'elongation contient une boucle 
et s'hybrtde en retour sur elle-meme et sur rextremite 3' de rechantillon d'ADN. 

9. Procede selon Tune quelconque des revendications 1 a 8, dans lequel rechantillon d'ADN est soumis a une 
amplification ; I'ADN amplifie est immobilise, puis soumis a une separation de brins, le brin non immobilise etant 
eiimin6 et il est foumi une amorce d* elongation qui sliybride a I'ADN immobilise juste a cote de la position cible ; 
chacune de quatre portions aliquotes de PADN monocatenaire immobilise est ensuite soumise a une reaction par 
polymerase en presence d'un didesoxynucleotide, chaque portion aliquote utilisant un didesoxynucleotide different 
en sorte que seul le didesoxynucleotide complementaire de la base a la position cible soit incorpore ; les quatre 
portions aliquotes sont ensuite soumises a une elongation en presence des quatre desoxynucieotides, en sorte 
que dans chaque portion aliquote, PADN n'ayant pas r6agi avec le didesoxynucleotide soit allonge pour former un 
ADN bicatenaire, tandis que PADN bloque par le didesoxynucleotide reste sous forme d'ADN monocatenaire ; 
apres quoi PADN bicatenaire et/ou monocatenaire est identified pour indiquer quel didesoxynucleotide a ete incor- 
pore et, ainsi, quelle base etait presente a la position cible. 

10. Kit a utiliser dans un precede tel que defini dans I'une quelconque des revendications 1 a 9, comprenant, 

(a) une polymerase ; 

(b) un moyen de detection enzymatique pour identifier la liberation de pyrophosphate ; 

(c) des desoxynucieotides comprenant, a la place du dATP, un analogue de dATP qui est capable d'agir comme 
substrat pour une polymerase, mats incapable d'agir comme substrat pour ladite enzyme de detection de PPi ; 
et 

(d) une amorce specifique a Pessai qui s'hybride a rechantillon d'ADN de telle maniere que la position cible 
se trouve juste a c6t6 de Pextremite 3* de Pamorce ; 

(e) f acultativement des didesoxynucleotides, ddATP etant remplace par un analogue de ddATP qui est capable 
d'agir comme substrat pour une polymerase, mais incapable d'agir comme substrat pour ladite enzyme de 
detection de PPi. 

1 1 . Kit selon la revendication 1 0, a utiliser avec une reaction d*PCR initiate, comprenant de plus : 
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(i) une paire tfamorces pour PCR, au moins une amorce ayant un moyen permettant rimmobilisatfon de ladite 
amorce , 

i) une polymerase pour PCR ; et 

ii) des desoxynucleotides. 



12. Precede ou kit seton Tune quelconque des revendications 1 a 11 f dans lequel la polymerase dans fetape de 
reaction par polymerase est d^ficiente en exonuclease (excr). 

1 3 ' 5S?t ° U J? que,conque des indications 1 a 1 2, a utiliser avec plusieurs sequences cf echantillons 

• lesd,tes sequences d'ADN etant arrangees en un format d'essai sur une surface solide. 
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